consumption of lycopene, a non-provitamin A carotenoid, is also linked with reduced prostate cancer risk (7). The same 1 1st Department of Pathology Nagoya City University Medical School, group have shown an inverse association with elevated plasma 1-Kawasumi, Mizuho-ku, Nagoya 467-8601, Japan, 2 LycoRed Natural lycopene (8,9). (11) and lung (12,13) and rat liver (14).
mammary glands (11) and lung (12,13) and rat liver (14).
The chemopreventive efficacy of lycopene and curcumin
Curcumin is a major component of turmeric, the dried with regard to prostate carcinogenesis was investigated rhizome of Curcuma longa L., which is commonly used as a using 3,2Ј-dimethyl-4-aminobiphenol (DMAB)-and 2-yellow coloring and flavoring agent in food in Asian countries.
amino-1-methylimidazo[4,5-b]pyridine (PhIP)-induced rat
Curcumin has shown anticarcinogenic activity in rat colon (15) ventral prostate cancer models. Three 60 week experiments and mouse skin (16), lung (13) and mammary gland (17,18). with male F344 rats were carried out. In the first DMAB
In the present investigation we have evaluated the was given for the first 20 weeks and lycopene or curcumin chemopreventive effects of lycopene and curcumin on 3,2Ј-were administered concomitantly or subsequently at dietary dimethyl-4-aminobiphenol (DMAB)-and 2-amino-1-methyldoses of 15 and 500 p.p.m., respectively. In the second imidazo [4,5-b] pyridine (PhIP)-induced rat ventral prostate experiment lycopene and curcumin were given to rats carcinogenesis (19, 20) . pretreated with DMAB at doses of 5, 15 or 45 p.p.m. or 100 or 500 p.p.m. In the third PhIP was selected as an
Materials and methods initiator for prostate carcinogenesis and administered for
The animals used were 6-week-old male F344 rats purchased from Charles 20 weeks. Rats were then fed a diet containing lycopene at River Japan (Kanagawa, Japan), weighing~120 g at the beginning of the a dose of 45 p.p.m. or curcumin at a dose of 500 p.p.m. or three experiments. Rats were housed in plastic cages on hardwood chips in both together. Chemopreventive effects of lycopene and an air conditioned room with a 12 h/12 h light-dark cycle and given food (Oriental MF; Oriental Yeast Co. Ltd, Tokyo, Japan) and water ad libitum.
Introduction
DMAB until the end of the experiment. Groups 6 and 7 received only lycopene or curcumin without DMAB for the entire experimental period.
Causal factors for prostate cancer largely remain to be identi- Experiment 2 fied. However, epidemiological studies have suggested that
To confirm the results of experiment 1, a second experiment to assess the foodstuffs are major factors. For example, mortality rates from dose dependence of lycopene and curcumin influence was performed. Six prostate cancer in Japanese immigrants in areas of the USA such groups of rats (20 each ) were given DMAB for the first 20 weeks on the as Hawaii or California have been shown to be significantly same schedule as described for experiment 1. Thereafter lycopene was given increased whereas stomach cancer is reduced as compared at doses of 5, 15 or 45 p.p.m. or curcumin at doses of 100 or 500 p.p.m. for with the of levels in Japanese in Japan (1, 2) . Among dietary 40 weeks. Levels of lycopene in the liver and serum of selected rats (three each for groups [1] [2] [3] [4] at the end of the experiment were estimated individually factors, animal fat, retinol and carotenoids have so far been according to the method of Oshima et al. suggested to influence prostate cancer risk (3, 4) . Vitamin A Experiment 3 and retinol are associated with normal control of both cellular A total of 105 rats were divided into seven groups, 20 animals each for groups differentiation and proliferation and various retinoids have 1-4 and 15 each for groups 5-7. Prostate tumorigenesis was initiated by been demonstrated to have the ability to inhibit carcinogenesis intragastric administration of PhIP twice a week at a dose of 100 mg/kg body in animal models (5) . An inverse association between retinoid wt and then rats were given lycopene (45 p.p.m.), curcumin (500 p.p.m.) or lycopene plus curcumin for 50 weeks ( Figure 2 ).
All three experiments were terminated 60 weeks after the start and surviving Abbreviations: BrdU, bromodeoxyuridine; DMAB, 3,2Ј-dimethyl-4-aminobiphenol; PCNA, proliferating cell nuclear antigen; PGs, prostaglandins; PhIP, animals were killed by collecting blood from the aorta under light ether anesthesia and underwent complete autopsy. Rats that died or became moribund 2-amino-1-methylimidazo[4,5-b]pyridine; PIN, prostate intraepithelial neoplasia.
at earlier time points were also autopsied. All accessory sex organs were for groups 4 and 5 and 84 and 3058 mg for groups 6 and 7. These values were calculated from average food intakes and the dietary concentrations. No clear adverse effects of lycopene confined to the ventral prostate and seminal vesicles, these being atypical hyperplasias and adenocarcinomas, as reported or curcumin were observed throughout the experiment.
Data for preneoplastic and neoplastic changes in the male previously (22,23). The term atypical hyperplasia of the prostate was replaced by prostate intraepithelial neoplasia accessory sex organs are summarized in Table I . Lesions were (PIN), that preferentially used in human prostate for premalignant lesions (24,25). The term atypical hyperplasia of the seminal vesicles was replaced with dysplasia. Concomitant administration of lycopene or curcumin with DMAB appeared to be associated with reduced development of lesions in the ventral prostate, but the differences were not statistically significant. Lycopene when given after initiation with DMAB decreased the incidences of PIN and carcinoma of the ventral prostate (P Ͻ 0.05) and curcumin markedly inhibited the appearance of prostate carcinoma (P Ͻ 0.02). Lycopene also decreased the numbers of dysplasias of the seminal vesicle (Table I) .
Immunohistochemical analysis of proliferating cell nuclear antigen (PCNA) revealed labeling indices of the ventral prostate epithelial cells to be clearly suppressed by lycopene and curcumin ( Figure 3 , P Ͻ 0.01).
Tumors in organs other than the prostate and seminal vesicles were located in the lung and intestine, but the incidences of those tumors were not influenced by either lycopene or curcumin, except that lycopene when given after DMAB In the dose-response experiment lycopene and curcumin given after treatment with DMAB did not significantly alter final body weights or liver, kidney or prostate weights (data not intestine was increased by 45 p.p.m. lycopene and 100 p.p.m. curcumin (Table V) . curcumin did not alter animal growth. There were no differBromodeoxyuridine (BrdU) labeling indices at the terminaences in final body weights or those of the liver, kidney and tion of the experiment in five rats of each group indicated that prostate. Neoplastic lesions in the accessory sex organs induced neither lycopene nor curcumin suppressed proliferation of by PhIP were confined to the ventral prostate and seminal ventral prostate epithelial cells (Figure 4) . vesicles, as seen in the case of DMAB (19,20,26). As demonExperiment 3 strated in Table VI , the incidences of PIN in the ventral prostate and seminal vesicle dysplasia and the incidences and Administration of 100 p.p.m. PhIP suppressed body weight gain by~37% at week 10, but thereafter body weights gradually numbers of carcinomas of the ventral prostate were unaffected by either lycopene or curcumin. No summational or synergistic increased and subsequent treatment with lycopene and/or being the appearance of aberrant crypt foci), tomato juice was effective (27 compounds in tomatoes might reduce prostate cancer risk. 4 PhIP → Lycopene ϩ 13 0 1 (7.7) 2 (15. 4) Intake of the carotenoids β-carotene, α-carotene, lutein and Curcumin β-cryptoxanthin were not linked with the risk of prostate cancer. Furthermore, the same group showed that elevation of plasma lycopene levels was associated with lower prostate effects on prostate tumor development were evident with the cancer risk (8). Reviewing 72 epidemiological studies of intake two agents in combination (Table VII) . There were no lesions of tomatoes and tomato-based products, Giovannucci found in the prostate in groups 5-7, which did not receive PhIP. No that 35 showed a statistically significant inverse association modification of development of lung adenomas and colon between tomato intake and blood lycopene level and the risk adenomas/adenocarcinomas by lycopene and curcumin was of cancer at defined anatomical sites (9). The prostate was the noted (Table VIII) . Serum testosterone levels among the groups site with the strongest benefit, followed by the lung and the did not differ significantly (data not shown).
stomach. As human trials with β-carotene revealed that exessive β-carotene intake increased lung cancer risk, especially for Discussion smokers, it is possible that excessive carotenoid intake may The aim of the present series of experiments was to examine increase lung cancer risk, especially for smokers. Although the chemopreventive potencies of lycopene and curcumin Giovannucci's study (9) did not detect any risk to smokers of with regard to rat prostate carcinogenesis. In the three animal lycopene intake, it is possible that excessive lycopene intake experiments initiated with DMAB or PhIP the induced may increase human lung cancer risk for smokers, since the carcinomas were confined to the ventral prostate and present study showed that lycopene increased lung cancer histopathologically were of non-invasive type. Lycopene incidence in rats. exhibited chemopreventive effects in the first study, par-A variety of other organs, such as the pancreas, colon, ticularly when given in the post-initiation phase, but no rectum, esophagus, oral cavity, breast and cervix were listed reproducibility was evident in the following two experiments.
as suggested sites of benefit. However, there is no concrete The doses of lycopene were chosen on the basis of previously evidence that lycopene itself was the responsible agent and published data (27) and the concept that lower doses are there is a distinct possibility that numerous other beneficial relevant to human use. The data on cell proliferation, evaluated components may contribute to the anticancer properties of in terms of nuclear PCNA expression, provided support for tomatoes. Therefore, as a more representative method, studies tumor inhibition, but in the second experiment, even the of rat prostate carcinogenesis should be made with tomato highest dose of 45 p.p.m. had no effects. In the case of products such as tomato juice. We should also pay attention curcumin, although an inhibitory influence on DMAB-induced to altered intake of other dietary factors with preferential consumption of tomatoes and their products. prostate carcinogenesis was demonstrated in the first experi-7. Giovannucci,E., Ascherio,A., Rimm,E.B., Stampfer,M.J., Colditz,G.A. and Curcumin is a widely used dietary pigment and spice that curcumin in the present studies may account for the negative 217-221. 20. Shirai,T., Takahashi,S., Cui,L., Futakuchi,M., Kato,K., Tamano,S. and
